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ABSTRACT
Background: Pressure Injuries are a relatively common but 
largely avoidable result of hospitalisation and care for frail 
clients in their own homes. These injuries are costly, painful 
and debilitating. Current research and intervention guidelines 
have focused on clients who are either in bedded facilities 
or chair/wheelchair-dependent. The majority of existing 
pressure redistribution surfaces have been designed and 
tested for these populations. Method: This paper describes 
a small pilot study designed to explore the effectiveness 
of these prevention devices at reducing interface pressure 
when utilised on a non-standard surface (an armchair), 
utilising each subject as their own case control to compare 
against the device on a “control” surface. Results: It was 
found there was a statistically significant difference in 
cushion performance dependent upon which surface was 
used. It was also found that devices that are most effective 
at interface pressure reduction on the “control” surface were 
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not necessarily the most effective on the non-ideal armchair. 
Conclusions: These findings have clinical implications for 
the prescription of effective pressure redistribution surfaces 
for use in a client’s own home.

INTRODUCTION
This article presents the results of a pilot study seeking to 
examine how pressure redistribution cushion effectiveness is 
impacted by the surface upon which it is utilised. The project 
sought to determine if chair surface has a significant impact 
on a cushion's interface pressure as measured by a pressure 
mapping device. Reasons for the importance of research 
in this area and outcomes are discussed. This pilot study 
was conducted in accordance with the statement on human 
experimentation; low-risk ethics approval was provided by 
the Prince Charles Hospital, Metro North Hospital and Health 
Service (MNHHS) ethics committee.

BACKGROUND
Hospital-acquired pressure injuries (PI) cost health care 
systems a significant amount. Victorian and Queensland data 
from 2006 shows that there were 2873 hospital-acquired PI, 
adding $24,234,740 to the cost of care for these patients, an 
average of $8435.34 per case1.

These clients are often discharged to their usual place of 
residence, meaning many clients are living at home at high 
risk of a PI. A 2009 study of community-dwelling clients 
conducted by Asimus2 in the New South Wales Hunter region 
with clients of a home nursing service found a PI prevalence 
rate of 8.9% with 40.8% developing the PI during care by 
the service, the remainder having been acquired at an acute 
facility or prior to contact.

A systematic review conducted in 2009 by Gorecki et al.3 
found that PIs are often painful and debilitating, their common 
locations on bony prominences leading to activity restriction 
and loss of occupational roles. They found these ongoing 
issues lead to feelings of powerlessness, anxiety, decreased 
appetite and mood. These issues impact fundamentally on 
our clients' ability to enjoy life to their fullest potential.

Clients living at home need to be provided with effective, 
evidence-based interventions to reduce the risk of PI 
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occurrence and to assist in the effective healing of active 
wounds as per existing PI prevention guidelines4,5. One of 
the interventions set out in these guidelines is that clients 
with existing PI or at risk of PI should be managed on a 
pressure redistribution surface when in bed or seated. 
Multiple studies6-12 have focused on the use of pressure 
redistribution surfaces to reduce the risk of PI when lying and 
seated. These studies have mainly focused on PI prevention 
in the hospital setting or with clients who are restricted in 
their mobility/confined to a wheelchair, providing evidence to 
support the use of pressure redistribution surfaces to reduce 
PI incidence.

Prescription guidelines for pressure redistribution cushions 
have been based on this evidence and then generalised to 
the community setting. This may not be an effective strategy, 
as a study by DeFloor and Grypdonck13 found that only 13 
out of 29 cushions tested on a hospital bedside armchair 
reduced interface pressure compared to the chair itself. A 
study of the Repose® 14 overlay found this to be clinically 
effective and cost-effective when used in the community. 
Provision of effective PI prevention in the community is an 
emerging challenge, and one that is under-represented in the 
current literature.

A further challenge for clinicians is the inconclusive literature 
regarding the clinical accuracy of pressure-mapping 
devices to objectively measure tissue pressure gradients. In 
particular, the inaccuracy of extrapolating surface pressure 
measurements to internal pressure levels at critical tissue 
bone interfaces such as the ischial tuberosity is of concern15-17.

However, it is generally accepted that pressure mapping can 
be accurately utilised to compare pressure redistribution 
surfaces for interface pressure reduction effectiveness and 
that these pressure measurements are useful for clinical 
selection of the most effective support surface for users12,18-20. 
The estimated capillary refill pressure of 32 mmHg has been 
proposed as a baseline12,21,22; however, it is not validated. It 
is generally agreed that PI risk rises with increasing interface 
pressure and sustained seating times12. In a rat study a 
constant pressure of 145 mmHg applied 5 times for a 6-hour 
period caused PI in 90% of cases21, although no research 
has been able to establish a safe minimum pressure due to 
the multitude of contributing factors12,21,22.

In acknowledging the existing literature, the authors of this 
study feel that the use of pressure mapping will provide 
clinically useful comparative data to determine differences in 
pressure relief cushion effectiveness and the impact of varied 
chair surfaces.

AIM
This pilot study sought to compare the performance of a 
range of pressure redistribution cushions to reduce interface 
pressure on two different surfaces: an armchair compared to 
an ideal surface, using a small sample of health professional 
volunteers. We sought to identify potential trends which 

could be investigated in future studies to inform clinical 
decision making and equipment purchasing.

RESEARCH QUESTIONS
1.	 Are pressure redistribution surfaces (cushions) effective 

at reducing interface pressure on armchairs?

2.	 Are the cushions that are most effective at interface 
pressure redistribution on an ideal surface also the 
most effective cushions on a non-ideal representative 
surface? (i.e. an Armchair)

METHOD
Study design: Mixed methods case series design.

Participants: Convenience sample of consenting (n=10) 
health professionals, 2 male and 8 female targeting a range 
of gender, age and body mass index (BMI). Male height range 
of 1.74–1.8 m, weight range of 76–78 kg and BMI range of 
23.5–25.6. Female height range of 1.57–1.8 m, weight range 
of 51–97 kg, and BMI range of 19.36– 30.27.

Method: Two chairs were used (see Figure 1):

·	 A common household armchair (a used/second-hand, 
single timber frame, foam seat and base armchair).

·	 An adjustable height, firm chair was used as the control 
seating surface to simulate cushion testing procedures 
as per ISO standards testing procedures and standard 
practice12 (a Rehab brand bariatric compressed foam 
shower chair).

Both chairs were set to ideal transfer height, as estimated by 
measuring distance between the floor and the insertion of the 
participant’s biceps femoris tendon and adding 50 mm. This 
distinct anatomical landmark +50 mm technique was used 
as it provided easy access and has high repeatability23. For 
ease of set-up when changing cushions, the chairs were set 
to a fixed height for each participant and adjustable foot rests 
used to adjust for differences in cushion height.

The pressure redistribution cushions used were a convenience 
sample of cushions currently owned and prescribed by 
the local service (Community Indigenous and Sub-acute 
Services, MNHHS). These represented a cross-section of 
the different types of cushions (materials, risk reduction 
classification) currently available in Australia.

Cushions were used by participants sitting on the two 
surfaces (armchair and firm chair), testing each for these 
seven conditions:

·	 Without a pressure redistribution device and on each of 
six cushions.

·	 Multi-cell air — ROHO® 24. ROHO makes a range of high 
PI risk cushions for use in pressure redistribution, utilising 
their patented DRY FLOTATION TECHNOLOGY®; the 
particular cushion used in the study was a ROHO 
QUADTRO high-profile cushion.
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·	 Gel/foam — JAY® Easy25. JAY makes a range of 
pressure redistribution cushions and is known for gel/
foam-based cushions which have contoured bases 
to support postural needs, The JAY Easy is one such 
cushion aimed at clients with low to moderate PI risk.

·	 Single cell air — Repose® 26. The Repose cushion used 
in our study is made by Frontier Medical; it has a single 
air chamber and comes in an easy to use pump. It is 
designed for people with high to very high PI risk.

·	 Dry gel polymer — EquaGel® 27. The EquaGel protector 
used in the study is made of dry-polymer gel constructed 
in a lattice and is designed for people at moderate to 
high PI risk.

·	 Foam — MacMed28. MacMed manufactures and 
supplies a range of adaptive equipment. The MacMed 
Deluxe Foam used in the study is designed for people 
at low to moderate risk of PI.

·	 Gel — Action® 29. Action makes a range of gel overlays 
and cushions. The pilot® made with Akton® polymer 
within the cushion is designed to allow immersion 
while eliminating shear and bottoming out and reducing 
vibration. These cushions are very low profile, meaning 
they have minimal impact on chair ergonomics. They are 
designed for people at low to moderate risk of PI.

For each condition, the participant sat on the cushion to be 
tested for five minutes as this was found to be the optimum 
time to allow for tissue deformation and cushion settling in 
previous studies10-12.

Outcome measures

Self-reported comfort: Self-reported perceived comfort of 
each cushion condition between 1 and 10, (where 1 was the 
least comfortable and 10 the most) was assessed at the end 
of each five-minute testing period.

Quantitative: Interface pressure readings were provided by 
the commercially available BodiTrak pressure30 mapping 
device to measure the reduction in interface pressure offered 
by a range of different cushions.

The BodiTrak has 256 individual sensors forming a grid of 
approximately 1” squares. It registers a pressure reading for 
each sensor in millimetres of mercury (mmHg) from 0 to 200. 
Sensor data is collected on the connected laptop computer. 
The mapping device takes a continuous recording of the 
interface pressure and a single representative reading (taken 
between 4:30 minutes and 5:00 minutes of sitting on each 
cushion) was selected for analysis.

Data analysis: These representative readings were exported 
to Microsoft® Excel as a list of individual cell numbers 
(such as, for example, A2, B2) with an associated pressure 
reading. These results were summarised for each cushion 
to provide an overview of the interface reduction efficacy 
of each cushion used in the study. The results were plotted 
within Excel according to numbers/percentages of sensors 
activated at or above certain pressure thresholds. The results 
represent interface pressures from 88 mmHg and above as 
they are well within the “at risk” range consistently postulated 
within the literature12,20,21.

The coefficient of variation (COV) was also chosen as a key 
outcome measure as it is a standard measure of variability; it is 
defined as the standard deviation/mean, providing a measure 
that takes into account mean pressure and variability. In this 
context a lower COV would be expected to indicate a more 
effective distribution of pressure as it indicates less variability 
over the measured cells. Associations between chair type, 
cushion type, subject characteristics and the COV were 
assessed using mixed effects linear regression modelling 
analyses and were performed using the Stata statistical 
software package (version 13).

Qualitative results were also analysed in summative form, 
and displayed as combined averages to enable visual 
comparison.

RESULTS
Quantitative measures

Results from the mixed effects regression model for the COV 
are presented in Table 1. The predicted marginal means were 
generated and plotted as shown in Figure 2. Chair type, 
cushion type, the interaction term between chair and cushion 
and BMI were all significantly associated with the COV. The 
significant interaction indicates that the effect of the cushion 
differs depending on the type of chair. The COV was notably 
high for the firm chair with no cushion and the firm chair with 
Action Gel. With the exception of the JAY Easy and ROHO 
cushions, the predicted mean COV for a given cushion type 
was significantly lower for the armchair compared to the 
firm chair. Within the subjects studied, increasing BMI was 
significantly associated with reduced COV.

Figure 1: Experimental test set-up, showing armchair and firm 
chair (control)
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Summative results for the armchair, firm chair and comparative 
data are presented in Figures 3 and 4.

The summative results for the armchair shown in Figure 3 
show that most of the cushions tested provided interface 
pressure reduction when compared to the chair alone. 
Though the gel/foam cushion consistently demonstrated 
raised interface pressure, the multi-cell air and gel cushions 
had quite variable results, with some people mapping a 
higher interface pressure on these than on the chair alone. 
The results are presented as a percentage of the total 
activated cells with a pressure reading above zero. The single 
cell air, dry gel and foam cushions consistently reduced 
interface pressure for all participants.

The summative pressure measurements for the firm chair 
shown in Figure 4 show that all cushions tested provided a 
reduction in interface pressure when compared to the firm 
chair alone. The single cell air and multi-cell air were most 

effective at interface pressure reduction, consistent with the 
results found by Shechtman et al.12  .This is followed by the 
foam cushion as evidenced by the total number of map cells 
activated and reduction in peak pressure. The results are 
presented as a percentage of the total activated cells with a 
pressure reading above zero.

The results demonstrated a higher proportion of readings 
in excess of 175 mmHg for the firm chair as compared 
to the armchair. They showed the multi-cell air cushion 
demonstrated a higher proportion of readings in excess of 
125 mmHg when on the armchair, than when on the firm chair. 
In contrast, the opposite result is seen for the dry gel cushion 
with the proportion of cells registering above 125 mmHg 
higher for the firm chair than when on the armchair. It can also 
be seen that the single cell air and foam cushions performed 
consistently on both surfaces in comparison to the other 
cushions tested. The results are presented as a percentage 
of the total activated cells with a pressure reading above zero.

Term Category Coefficient 95% CI p-value

Cushion <0.001

None Ref

Single cell air –0.77 –0.86 –0.67 <0.001

Gel/foam –0.57 –0.66 –0.48 <0.001

Dry gel –0.72 –0.81 –0.63 <0.001

Multiple cell air –0.86 –0.95 –0.76 <0.001

Foam –0.68 –0.77 –0.59 <0.001

Gel –0.16 –0.25 –0.07 0.001

Chair <0.001

Firm chair Ref

Armchair –0.83 –0.92 –0.73 <0.001

Interaction 
(cushion#chair) <0.001

Firm Chair#None Ref

Single Cell Air#AC 0.64 0.52 0.77 <0.001

Gel/Foam#AC 0.71 0.58 0.84 <0.001

Dry Gel#AC 0.65 0.52 0.78 <0.001

Multiple Cell Air#AC 0.76 0.63 0.89 <0.001

Foam#AC 0.54 0.41 0.66 <0.001

Gel#AC 0.18 0.05 0.31 0.007

BMI –0.03 –0.04 –0.02 <0.001

Intercept 2.35 2.13 2.57

Table 1: Effect estimates for variables associated with the coefficient of variation derived from a mixed effects linear regression model 
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The summative data was used to place the cushions in 
order by the proportion of activated cells over 125 mmHg 
in Figures 3 and 4 (as a percentage of the total activated 
cells mmHg>0). They show a clear difference in the order of 
effectiveness at reducing interface pressure depending on 
the chair surface. As mentioned, for Figure 1 several cushions 
(gel, multi-cell air) had quite variable results depending on 
participant (Subject 1 results for the armchair were 4.2% 
(88<x<125), 0.8% (125<x>175) and 0% (175<x) compared 
to the multiple cell air 31.9%, 11.1% and 0.4% respectively; 
Subject 2 results for the armchair were 6.5% (88<x<125), 
1.3% (125<x>175) and 0% (175<x) compared to the multiple 
cell air 19%, 2.3% and 0% and gel 10.9%, 4.4% and 0% 
respectively; Subject 3 results for the armchair were 4.6% 
(88<x<125), 0% (125<x>175) and 0% (175<x) compared 
to the multiple cell air 12.1%, 0.9% and 0% respectively; 
Subject 4 for results for the armchair were 4.4% (88<x<125), 
0% (125<x>175) and 0% (175<x) compared to the gel 7.7%, 
3.8% and 0% respectively). These cushions have been 
placed lower in the effectiveness rankings according to the 
level of inconsistency.

Self-reported comfort results

Figures 6 and 7 present the average comfort ratings for each 
condition. In summary, it was found that not all of the tested 
pressure redistribution cushions were effective at reducing 
interface pressure when compared to the armchair alone; 
some of the cushions tested actually increased measured 
interface pressure. Three of the cushions tested consistently 
reduced measured interface pressure for all participants.

It was also found that the cushions that were measured to be 
most effective at reducing interface pressure on the armchair 
were not necessarily the most effective at reducing interface 
pressure on the firm chair.

DISCUSSION
Coefficient of variation

There were significant differences in the coefficient of 
variation of the cushions tested, indicating some were more 
effective at evenly distributing pressure across the two 
surfaces tested. The significant ceiling effect offered by the 
200 mmHg measuring cut-off could have influenced the 
magnitude of these differences overall. Another statistically 
significant finding is that increasing BMI was significantly 
associated with reduced COV. This may be explained by the 
increased measuring device surface area covered and ceiling 
effect, and could warrant further study.

Armchair

This pilot study found three of the cushions tested (foam, 
single cell air, dry gel) were effective at reducing interface 
pressure for all participants when compared to the armchair 
alone. Interestingly, these three cushions are at the lower 
end of the cost spectrum, are of simple design (basic cuboid 
shape with minimal contours) and simple to use. The fact 
that the foam/gel cushion demonstrated a higher proportion 
of readings in excess of 125 mmhg when on the armchair is 
of clinical concern as it indicates it is possible to increase 
interface pressure through the prescription of a pressure 
redistribution surface.

Figure 2: Margins plot of predicted COV with 95% CI by 
cushion and chair type

Figure 3: 
Demonstrates 
percentages of cells 
recording pressure 
measurements in 
the ranges indicated 
for cushions on the 
armchair. 
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Figure 4: Demonstrates 
the percentages of cells 
recording pressure 
measurements in the 
ranges indicated for 
cushions on the firm chair. 

Firm chair

This pilot study found that all the cushions tested 
demonstrated a lower proportion of readings in excess 
of 125 mmHg when compared with the firm chair with no 
cushion. This indicates that all of the cushions performed 
their designed function when used within the parameters 
they were initially designed and created for. It was found 
that the two air cushions were clearly the most effective (see 
results, Figure 4) for this population on this surface.

Chair comparison

When the results for the two chair surfaces are compared it can 
be seen that the order of effectiveness ranking for the pressure 
redistribution surfaces is different (as measured by proportion 
of activated cells above 125 mmHg (Figure 5). All the cushions 
improved measured interface pressure in comparison to the 
firm chair (Figure 4); in contrast, one cushion actually increased 
interface (Figure 3) pressure when used on the armchair (soft 
surface). This could potentially place clients at increased risk of 
PI and has implications for prescription.

Reflecting on the construction of the cushions that consistently 
demonstrated effective interface pressure reduction on 
the armchair provides possible insights. Cushions that 
provided the most effective and consistent interface pressure 
reduction on the soft and curved surface of the armchair 
(Figure 3) were those with relatively simple design and 
function, where pressure was effectively distributed, despite 
underlying deformation of the cushion.

Conversely, cushions that consistently demonstrated 
effective interface pressure reduction on the firm surface but 
not the armchair (Figures 3 and 4), were of more complex 
design and construction with multiple physical elements 
designed to work together to disperse pressure; they were 
effective at reducing interface pressure within their design 
parameters on the chair surface that they were designed for, 
but did not perform as well or not at all when used on non-
standard surfaces.

The gel foam cushion’s measured increase in interface 
pressure in comparison to the armchair alone (Figure 3) may 
have been due to its contoured, firm foam base designed 
to provide postural support when used on an ideal surface, 
as on the curved sling base it was observed to bend and 
deform. This may have resulted in the gel and contours no 
longer being able to conform to the subject.

A possible reason for differences seen between the multi-cell 
air cushion on the armchair versus the firm chair may be that it 
is not able to effectively distribute pressure due to ‘crowding’ 
of the cells, with each cell sticking to the cells surrounding 
it, or the air channels connecting them collapsing due to the 
curved/soft sling base, thus not allowing them to equalise air 
pressure amongst the cells.

Self-reported comfort results

From the graphs it can be seen that increasing comfort 
was generally associated with improving interface pressure 
reduction effectiveness. The match is not exactly the same 
as the order of interface pressure reduction effectiveness 
but it is closely indicative of which cushions were clinically 
effective. The key indication from the self-reported comfort 
results was that comfort and effectiveness at pressure 
reduction were closely related for all participants. Though 
not identical, participant perceived comfort reflected cushion 
effectiveness; all cushions perceived as more comfortable 
than the chair surface alone effectively reduced interface 
pressure. This result has clinical prescription implications 
that are worthy of future research.

Additional observations

When observing participants it was noted that:

·	 No cushion reduced interface pressure to below 32 
mmHg.

·	 Placing arms on arm rests provided high levels of 
interface pressure reduction.
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Armchair mmHg   Firm Chair mmHg 

  >125/>175 Better  >125/>175 

Single Cell Air 0.3%/0%  

 
 

Multi-Cell Air 2.1%/0% 

Dry Gel(1) 0.1%/0% Single Cell Air 3.5%/0% 

Foam .7%/.1% Foam 2.9%/0.9% 

Gel (2) 1.7%/0% Dry Gel 6.6%/3.2% 

Multi-Cell Air 4.1%/0.1% Gel Foam 10.1%/2.5% 

No Cushion 2%/0.3% Gel 4.7%/11.1% 

Gel Foam 3.1%/0.5% Worse No Cushion 4.3%/12.7% 

	
  

Figure	
  5	
  

Figure 5: Shows the cushions in order by the proportion 
of activated cells over 125 mmHg (as a percentage of 
the total activated cells mmHg>0) in order to visually 
represent the difference in order of measured interface 
pressure reduction effectiveness  
Note: (1) Dry gel has been placed second as its 
individual results were more variable than those of the 
single cell air cushion. (2) Gel has been placed above 
multi-cell air as its individual results were more variable. 

·	 Off-loading postures were effective at significantly 
decreasing interface pressure in high-risk areas (sacrum, 
ischial tuberosity).

STUDY LIMITATIONS
This study has several limitations:

·	 The study was conducted with a small number of staff 
volunteers who may not accurately reflect the target 
population of older, community-based clients.

·	 The study was conducted comparing only two chair 
surfaces, and repeating this study using a wider range of 
surfaces (as exist in our client’s homes) is recommended 
for future research.

·	 The study used a convenience sample of six readily 
available pressure redistribution cushions currently in 
use with MNHHS CISS.

·	 Due to the limitations of the cushions, test rig and 
measuring device it was not possible to map bariatric 
participants.

·	 A significant ceiling effect was found from the 200 
mmHg upper pressure reading limit that impacted 
results for the control surface.

CONCLUSION
This study confirms that the chair surface influences the 
performance of pressure redistribution cushions. This small 
pilot study indicated that pressure redistribution cushions do 
behave differently on an armchair compared to a firm chair. 
Therefore, cushions considered “gold standard” on an ideal 
surface may not perform consistently on non-ideal surfaces. 
This has significant importance for future research directions 
and clinical practice in pressure redistribution equipment 
prescription. Further research is required to:

-	 Explore the impact of chair materials, structures and 
ergonomics in measured interface pressure to determine 
if there are consistent trends that can be easily identified 
to support effective cushion prescription.

-	 Validate these initial results with the target population 
utilising a larger sample size.

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Figure	
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Figure 6: Armchair

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Figure	
  7	
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Figure 7: Firm chair
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-	 Further explore the relationship between self-perceived 
comfort and interface pressure reduction effectiveness 
in the target population.

-	 Replicate this study with bariatric clients.
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